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[57] ABSTRACT 

A programmable controller includes a main processor 
which executes a user control program. The main pro- 
cessor is interrupted by a support processor which oper- 
ates as a real time clock. The interval between inter- 
rupts is determined by instructions within the user con- 
trol program and may be dynamically altered when 
required. The main processor executes a user created 
interrupt routine when each interrupt occurs. 

3 Claims, 11 Drawing Figures 




UFtUTt 

ivTOeuu. Tiac 
USES B RESET 
10 KSEC 
COUNT! W 




07/30/2003, EAST Version: 1.03.0002 



U.S. Patent Jan. 20, 1987 Sheet 1 of 10 4,638,452 




07/30/2003, EAST Version: 1.03.0002 



U.S. Patent Jan. 20, 1987 Sheet 2 of 10 4,638,452 




07/30/2003, EAST Version: 1.03.0002 



U.S. Patent Jan. 20, 1987 Sheet 3 of 10 4,638,452 



51- 



I NTS 



52> 



clock 



5>3- 



7_th_d 



3 -TO -8 

DECOOER 



2b 



HOLD A 



CLK 

8088 
HOLD 



^.A 17- A 19 



INTR WF* 
INTA RD 



ALE 2 



ULUid 



ALE I 



n r 



SEL 



MUX 



SO 



ALE 




*1 



\lt (tilth 



A8-AS 



US 



>+5 



4Q C 



3 



27 



1 



INTS 



si* 



1 



PI7 

CLK 
P32 
PI5 



RD 



PI2 
PI3 1 
WR 
ALE 



8061 



<3 <I 



\ 



QO 



Q8 



J 



?A<J)-A7 



N 



WR 




RD. 



limit 1 1, /,///, 



°*-oT ffff/ y 



r 

o 




2ft 



urn, ,,,,,,,,,/, ti 



RTS 
TXD 



| CTS 
RXD 



FIG.3 



07/30/2003, EAST Version: 1.03.0002 



U.S. Patent Jan. 20, 1987 Sheet 4 of 10 4,638,452 



FIG.4A 



YYY 



DATA TABLE 



XXX 



RTI LATE FLAG 



3v 



— 



USER 
CONTROL 
PROGRAM 



YYY 

-{put)- 

XXX 



20 



YYY 

{get]- 

XXX 



1 I — j-M >— 



-<RET>- 



\b6 



FIG. 4B 



\4fiV — I 

\Afc 1 

X*f<~ 



RTI INTERVAL 



RTI COUNTER 
TRACK 



RTi ENABLE FLAG 
RTI TOO LONG FLAG 



RTI IN PROGRESS FLAG 
10 MSEC COUNTER 



07/30/2003, EAST Version: 1.03.0002 



U.S. Patent Jan. 20, 1987 Sheet 5 of 10 4,638,452 



FIG. 5A 



RESET 
PROGRAM 
COUNTER 



r 



f POWER A 

V UP J 



2t>5 




UPDATE I/O 
IMAGE TABLE 



\o\ 



READ CONTROL 

PROGRAM 
INSTRUCTION 



READ "GET - 

FROM 
I NTERRUPT 
ROUTINE 



FETCH OPERAND 

a 

FORM COMMAND 



r 



\\\ 



PLACE 
COMMAND ON 
DATA BUS 



WAIT STATE 
UNTIL RELEASED 
BY SUPPORT 
PROCESSOR 



GENERATE 
SUPPORT 
PROCESSOR 
I NTERRUPT 





EXECUTE 


NO 


OTHER 




MODES 



INCREMENT 

PROGRAM 

COUNTER 




\02. 



EXECUTE 
INSTRUCTION 



REAL TIME 
INTERRUPT 



U3 



7 



07/30/2003, EAST Version: 1.03.0002 



U. S. Patent Jan. 20, 1987 Sheet 6 of 10 4,638,452 



(enter ) 



SAVE MAIN 
PROCESSOR 
REGISTERS 
IN RAM 



-MS 



FIG. 5B 



SET PROGRAM 
COUNTER TO 
INTERRUPT 
ROUTINE 



INITIALIZE 
REGISTERS 8 
SET RTI 
FLAG 



READ 
INSTRUCTION 



YES 



RESTORE 
REGISTERS ft 
RESET RTI 
FLAG 



FORM RTI 
FINISHED 
COMMAND a 

INTERRUPT 
SUPPORT 

PROCESSOR 



MAIN PROCESSOR 
REAL TIME INTERRUPT 
SERVICE ROUTINE 




INCREMENT 
PROGRAM 
COUNTER 



EXECUTE 
INSTRUCTION 



i 



WAIT STATE 
UNTIL RELEASED 
BY SUPPORT 
PROCESSOR 



-♦(return ) 



07/30/2003, EAST Version: 1.03.0002 



U.S. Patent Jan. 20, 1987 Sheet 7 of 10 4,638,452 



c 



POWER 
UP 



1 



SELF 
DIAGNOSTICS 



FIG. 6A 




L 




INTERRUPT 
FROM 
SERIAL PORT 



REAL TIME 

CLOCK 
INTERRUPT 



I NTERRUPT 
FROM MAIN 
PROCESSOR 



07/30/2003, EAST Version: 1.03.0002 



U.S. Patent Jan. 20, 1987 Sheet 8 of 10 4,638,452 



(Inter) 



REAL TIME 
CLOCK INTERRUPT 
SERVICE 
ROUTINE 



FIG. 6B 



ADD 333>uSEC 
COUNT TO 
TIMER 



DECREMENT 
10 MSEC 
COUNTER 




UPOATE 
INTERNAL TIME 
BASES a RESET 
10 MSEC 
COUNTER 



REQUEST 
HOLD 




L 



WRITE TIME 
BASES TO 
RAM 3L. 
RELEASE MAIN 
PROCESSOR 




YES 




( RETURN ) 



07/30/2003, EAST Version: 1.03.0002 



U.S. Patent Jan. 20, 1987 Sheet 9 of 10 4,638,452 



YES 




no 



fig.6c 



DECREMENT 

RTI 
COUNTER 




YES 



RESET RTI 
COUNTER TO 
RTI 
INTERVAL 



\13> 



INTERRUPT 

MAIN 
PROCESSOR 



-HA 




SET RTI 
TOO LONG 
FLAG 



SET RTI 
IN PROGRESS 
FLAG 



WRITE RTI 
LATE FLAG 
TO 

DATA TABLE 



(return") 



07/30/2003, EAST Version: 1.03.0002 



U.S. Patent Jan. 20, 1987 Sheet 10 of 10 4,638,452 



FIG.6D 



(enter ^ 



\so- 



REAO COMMAND 
AND RELEASE 
MAIN 
PROCESSOR 



RESET 




RTI 




ENABLE 




FLAG 




1 





^RETURN ^ 



NO 



EXECUTE 

OTHER 
COMMAND 





(rETURN^) 



SET RTI VALUE, 
COMPUTE TRACK 
VALUE 8 SET 
RTI COUNTER 



SET 
RTI 
ENABLE 
FLAG . 



YES 



RESET RTI 
COUNT TO 
RTI INTERVAL 



WRITE 
RTI LATE 
FLAG TO 
DATA TABLE 



RESET RTI 
IN PROGRESS 
FLAG 



^RETURN ^ 



Q RETURN ^ 



INTERRUPT 
FROM MAIN 
PROCESSOR SERVICE 
ROUTINE 



07/30/2003, EAST Version: 1.03.0002 



4,638, 

1 

PROGRAMMABLE CONTROLLER WITH 
DYNAMICALLY ALTERED PROGRAMMABLE 
REAL TIME INTERRUPT INTERVAL 

5 

BACKGROUND OF THE INVENTION 

The field of the invention is programmable control- 
lers, arid particularly, microprocessor-based program- 
mable controllers such as those disclosed in U.S. Pat. 
No. 4,165,554 entitled "Digital Control System with 10 
Boolean Processor*', U.S. Pat No. 4,282,584 entitled 
"Mini-Programmable Controller", and U.S. Pat. No. 
4,266,281 entitled "Microprogrammed Programmable 
Controller'*. 

Since their inception, programmable controllers have ]5 
been clearly distinguishable from other programmable 
processors by their instruction set, which is tailored to 
meet the specific needs of the control engineer. This 
instruction set provides a language which is easily un- 
derstood and used by those who have heretofore de- 20 
signed systems of relays, switches and motors using 
ladder diagrams. Not only are programmable controller 
processors, such as those described in the above-cited 
patents, designed to execute this special purpose in- 
struction set, but programming panels, or terminals, 25 
such as those disclosed in U.S. Pat. Nos. 3,798,612; 
3,813,649; and 4,070,702 have been developed to facili- 
tate the loading and editing of control programs using 
this instruction set. 

The programmable controller and its instruction set 30 
are particularly well suited to interface with industrial 
equipment. The logic state of input signals received 
from input modules are examined during each scan 
through the user's control program to provide up-to- 
date information on the state of sensing devices con- 35 
nected to the input modules. In response Co these inputs, 
the programmable controller generates signals to its 
output modules which connect to operating devices on 
the machines being controlled. The scan time, or in 
other words, the rate at which the programmable con- 40 
troller can execute the user's control program is very 
important in applications which employ high speed I/O 
devices on the machine being controlled. 

Microprocessors are commonly used to perform the 
functions required of a programmable controller pro- 45 
cesser. The microprocessor is programmed to sequen- 
tially execute the user's control program by reading out 
each control program instruction and mapping to a 
corresponding interpreter routine which executes the 
instruction in the machine language of the particular 50 
microprocessor. While the more simple bit manipula- 
tion instructions can be quickly interpreted and exe- 
cuted in this manner, some of the more complex control 
program instructions, such as timers, arithmetic, and 
counters require considerable time. In some applica- 55 
tions, therefore, they must forego the use of more pow- 
erful instructions for the sake of a faster scan time. 

SUMMARY OF THE INVENTION 

The present invention relates to a programmable 60 
controller having a real time interrupt capability which 
is controlled by the user's control program. More par- 
ticularly, the present invention includes a memory for 
storing the user's control program and a user interrupt 
routine, a data tabic which stores a real time interrupt 65 
interval number which can be changed in response to 
control instructions in the user's control program, and a 
real time clock means for interrupting the execution of 
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the user control program by the controller processor at 
intervals determined by the value of the stored real time 
interrupt interval number. When thus interrupted, the 
controller processor executes the user interrupt routine 
and then returns to the execution of the user control 
program. 

A general object of the invention is to provide a real 
time interrupt which may be controlled by the user 
through the user control program. The user may in- 
clude conventional programmable controller instruc- 
tions in the user control program which test the state of 
the machine being controlled and which alter the inter- 
rupt time interval according to a desired strategy. For 
example, over a portion of the machine's operation the 
real time interrupt may be disabled, or programmed to 
occur very infrequently. However, over another por- 
tion of the machine's cycle, such as a very sensitive 
measurement operation, very short interrupt intervals 
may be enabled. In this latter case the user may write an 
interrupt routine to perform the measuring function and 
the user control program would be interrupted fre- 
quently when the machine performs this sensitive part 
of the operation. 

Another object of the invention is to insure that the 
user does not unduly interfere with the normal opera- 
tion of the programmable controller. If the user inter- 
rupt routine requires an excessive amount of time for its 
execution, the real time clock alters the "programmed" 
real time interrupt interval to allocate sufficient time for 
the controller processor to execute the user control 
program. Also, the user is notified of this event through 
a flag in the data table which may be examined by the 
user's control program. 

Yet another object of the invention is to provide a 
support processor which performs the functions of the 
real time clock. The main processor which executes the 
user's control program periodically notifies the support 
processor of the desired interrupt interval. The support 
processor interrupts the main processor at the end of 
each interval, and it monitors the time which the main 
processor requires to service the interrupt. If the time is 
excessive as compared with the programmed interrupt 
interval, the next interrupt interval is lengthened. The 
support processor is also available to perform other 
functions such as updating the controller's time base 
and handling communications. 

The foregoing and other objects and advantages of 
the invention will appear from the following descrip- 
tion. In the description, reference is made to the accom- 
panying drawings which form a part hereof, and in 
which there is shown by way of illustration a preferred 
embodiment of the invention. Such embodiment does 
not necessarily represent the full scope of the invention, 
however, and reference is made therefore to the claims 
herein for interpreting the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a programmable con- 
troller which employs the present invention; 

FIG. 2 is an electrical block diagram of the program- 
mable controller of FIG. 1; 

FIG. 3 is an electrical schematic diagram of a portion 
of the circuitry of FIG. 2; 

FIGS. 4A and 4B are schematic representations of 
data structures in the programmable controller of FIG. 
2; 
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FIG. 5A is a flowchart of the background program by the processor 10. Output modules are typically con- 
executed by the main processor which forms pan of nected to devices such as solenoids, relays, motor start- 
FIG. 2; ers and electrically controlled hydraulic valves. They 

FIG. 5B is a flowchart of the interrupt service pro- receive words of digital data from the processor module 

gram executed by the main processor of FIG. 2; 5 10 and distribute or demultiplex this data in the form of 

FIG. 6 A is a flowchart of the background program command signals for operating the output devices, In 

executed by the support processor which forms part of some embodiments, the I/O modules 13 may also con- 

FIG. 2; vert between analog signals used by the I/O devices 

FIGS. 6B and 6C are a flowchart of a real time clock and digital signals recognized by the processor module 

interrupt service routine executed by the support pro- to 10, or they may perform other kinds of data conversion 

cessor of FIG. 2; and to interface the I/O devices to the processor module 10. 

FIG. 6D is a flowchart of an interrupt service routine Referring to FIG. 2, the processor module 10 is struc- 

which is executed by the support processor when it tured about an 8-bit data bus 25 which connects to an 

receives a command from the main processor of FIG. 2. 8-bit main processor 26 and an 8-bit support processor 

15 27. The two processors 26 and 27 share the data bus 25 

DESCRIPTION OF THE PREFERRED and an address bus 28, and they are both driven by a 

EMBODIMENT clock circuit 29. The main processor 26 executes a user 

Referring to FIG. 1, the processor module 10 of the control program 30 which is stored in a random access 
present invention is one of nine modules in a program- memory (RAM) 31 by reading the control program 
mabte controller 11 in which modules are carried up- 20 instructions and mapping their operation codes into the 
right in a side-by-side arrangement in a rack 12. Besides starting address of a corresponding interpreter routine, 
the processor module 10, there are eight I/O modules The interpreter routines are stored in a read-only mem- 
13 confined between the spaced apart sidewalls 14 and ory (ROM) 32 and a hardware assist logic 33 is em- 
15 of the rack 12. The rack 12 may be of different sizes ployed to speed up the mapping and interpreting opera- 
in other embodiments so that a greater or lesser number 25 tions. A more detailed description of the control pro- 
of I/O modules 13 may be included. A main power gram instruction set and the mapping and interpreting 
supply 9 is mounted on the left sidewall 14 and is con- functions are provided in U.S. Pat No. 4,282,584 enti- 
nected to the processor module 10 through a short cable tied "Mini-Programmable Controller". An electrically 
(not shown). The processor module 10 is electrically erasable programmable read-only memory (EEPROM) 
connected to the I/O modules 13 through a backplane 30 34 also connects to both the data bus 25 and address bus 
motherboard 17 that extends across the back of the rack 28, and as described in U.S. Pat No. 4,291,288 entitled 
12 from the left sidewall 14 to the right sidewall 15. "Programmable Controller With Data Archive", the 

The processor module 10 and the I/O modules 13 are contents of the RAM memory 31 are saved in the EE- 
formed by one or more circuit boards 10a and 13a PROM 34 to protect against loss of data during a trau- 
which carry electronic circuits that are partially en- 35 matic event such as a power loss, 
closed within plastic covers 19 around the outside of the The main processor 26 executes the user control pro- 
circuit boards 10a and 13a. The modules 10 and 13 slide gram 30 in sequence until it reaches an "END" instruc- 
into slots formed between upright, closely spaced barri- tion indicated at 35. During this "scan" through the user 
ers 20 in the rack 12, and in this position, their circuit control program 30, instructions are executed which 
boards 10a and 13a each present a back edge that en- 40 examine the state of a data table 36 and which operate to 
gages an edge connector (not shown) mounted on the change the state of this data table 36. A significant por- 
back plane motherboard 17. Columns of LED (light- tion of the data table 36 is an image of the state of all the 
emitting diode) status indicators 21 are mounted along input and output devices which connect to the control- 
an upper front edge of the I/O circuit boards 13a and a ler's I/O modules 13. When the END instruction 35 is 
status indicator 12 is disposed on the upper front edge of 45 executed at the end of each scan through the user con- 
one of the circuit boards 10a in the processor module trol program 30, an I/O scan routine is executed which 
10. A pin-style connector 23 (not shown in FIG. 1) is outputs the contents of the output portion of the I/O 
positioned along the lower front edge of one of the image table to the appropriate I/O modules 13, and 
processor circuit boards 10a and is connected to a pro- which inputs current data from the I/O modules 13 and 
gramming terminal 16 through a cable 18. Wiring tenni- 50 updates the state of the input portion of the I/O image 
nals 25a are disposed along connectors 25 that engage table. The rate at which the I/O image table is updated, 
the lower front edges of the circuit boards 13a in the and hence the rate at which the operating devices con- 
respective I/O modules 13. These connect through nected to the controller are updated is determined by 
wires to I/O devices (not shown) of the type known in the length of time required to execute the user control 
the art for controlling an industrial machine or process. 55 program 30 during each scan. 

Further details concerning the construction of the rack Referring still to FIG. 2, the various elements of the 
12 are provided in Strugerctal, U.S.Pat No. 4,151,580, processor module 10 are enabled when specific ad- 
issued Apr. 24, 1979, and assigned to the assignee of the dresses are produced on the address bus 28. The ad- 
present invention. dresses are decoded by a circuit 37 which enables the 
The I/O modules 13 form an "interface* ' between the 60 RAM 31 through a control line 38, which enables the 
processor module 10 and the I/O devices. The I/O ROM 32 through a control line 39, and which enables 
modules 13 are usually a mix of input modules and the EEPROM 35 through a control line 40. The address 
output modules that connect to input devices and out- decoder 37 also operates a system status port 41 through 
put devices, respectively. Input modules are typically a control line 42 and an I/O backplane interface circuit 
connected to devices such as photocells, limit switches, 65 43 through a pair of control lines 44 and 45. The system 
selector switches and pushbutton switches, so that sig- status port 41 is comprised of input buffers which re- 
nals from a group of these devices can be collected or ceive signals from a variety of manually operable 
multiplexed to form words of digital data that are read switches, and the I/O backplane interface 43 is com- 
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prised of a set of 3-to-8 decoders and a set of bi-dircc- rupt has been serviced, the support processor 27 g exer- 
tional data gates which couple the processor module 10 ates a signal on line 57 which restarts the clock signal on 
to the backplane bus 17. Table A is a map of the address line 56 and takes the main processor 26 out of the "wait" 
space occupied by the elements of the processor module state. 

5 Referring still to FIG. 3, the support processor 27 is 
a model SO 51 microcomputer manufactured by Intel, 
Inc. It contains its own internal 4KXS read-only mem- 
ory which stores the programs that it executes, and it 
contains a 128x8 random access memory which serves 
10 as a "scratch pad". The support processor 27 also con- 
tains two 16-bit timers which are driven by a clock 
signal received through line 60 from the system clock 
29. Also, the support processor 27 contains a full-duplex 
serial I/O channel which outputs serial data to the ter- 
15 minal cable 18 through line drivers 61 and receives 
As will now be described in more detail, the two serial data therefrom through input buffers 62. 
processors 26 and 27 operate in parallel to perform the The support processor 27 connects directly to the 
various programmable controller functions. An inter- data bus 25 and the address bus 28. Its leads P00-P07 
face logic circuit 46 connects directly to each processor connect to leads D0-D7 in the data bus 25 and its leads 
26 and 27 and it controls which processor has access to P20-P27 and P10 connect to respective leads A8-A16 
the data bus 25 and the address bus 28. In general, the in the address bus 28. The address latch enable control 
main processor 26 has control of the buses 25 and 28 and line (ALE2) connects to one input lead on the "B" port 
the support processor 27 periodically acquires control of the multiplexer 50, and when the support processor 
to update the values of timers in the data table 36. The 27 has control of the buses, it controls the latches 51 and 
support processor 27 also acquires control to read or 52 through this control line. 

write data into a transmit or receive buffer in the data The support processor 27 may either interrupt the 
table 36 and to thereby provide communications with operation of the main processor 26 or it may stop, or 
the terminal 16. "hold", the main processor 26. An interrupt request is 

Those portions of the processor module 10 which are generated at output P13 and is applied to the clock 
most relevant to an understanding of the present inven- ^ terminal of a D-type flip-flop 65. The Q output of this 
tion are shown in more detail in FIG. 3. The main pro- flip-flop 65 connects to an interrupt request input 
cesser 26 is a model 8088 microprocessor manufactured (INTR) on the main processor 26 and the main proces- 
by Intel, Inc. which has a set of terminals ADO-AD7 ^ 26 acknowledges the interrupt by resetting the flip- 
which connect du-ectly to the data bus 25. A set of ^ 65 through an interrupt acknowledge output 
terminals A8-A16 connect directly to corresponding * D njfr^\ 

leads in the address bus 28, and three Mgher order ad- ^ ^ support processor ^ wants control of ^ 
dress terminals A 17-Aiy connect to the A inputs on buses 25 and 28, it places the main processor 26 in a hold 
\. I ™ lU ? CXtr * , th ? ""J ""f"!" ? ^ h °W * generated at output P12 and is 

f a« .iL bUS S SV*? the ,? 1 * ess w applied to the "D» input of a second D-type flip-flop 67. 

lakh enable line (ALE1) is also coupled through the « »lf P pl.ed to a HOLD input on Ae mam 

multiplexer 50 to enable both the 4-bh latch 51 and an * Th \? ain A *!?? SSO ! 26 «»* 

8-bit latch 52 when a valid address is present The inputs £ o1 ' ° f *!, buses f 5 . b * P ,ac,n * ,ts ™**» » a 
of the 8-bit latch 52 connects to the data bus 25 to cap- « ^ impedance state. The mam processor 26 also ges- 
ture the eight least significant address bits A0-A7 era ! e f ? hold acknowledge signal at its output HOLDA 

which are generated thereon when the ALE1 control wlu ^ B »PP lled , to Ae P1 7 ^ ' °' thc s "PP° rt , 

line is active sor 27 and the select terminal (SEL) on the multiplexer 

The 4-bit iatch 51 and a 3-to-8 line decoder 53 pro- M - ^ »«Pl»rt processor 27 may now read and write 

vide the enabling signals for the processor module's 50 data to the RAM memory 31. When it is finished, the 

addressable elements. The latch 51 produces the en- hold r «5 uest at the P12 out P ut of support 

abling signals directly for the RAM 31, the ROM 32 and processor 27 is removed and the flip-flop 67 resets on 

the EEPROM 34, and it produces an enabling signal ^ ncxl clock P uUc to remove hold request from 

through line 54 for the decoder 53. When thus enabled, ^ main processor 26. The main processor 26 resumes 

the decoder 53 employs the address on leads A5.A6 and 55 operation and the multiplexer 50 is switched back to 

A7 of the address bus 28 to drive the control lines 42, 44 addresses from it 

and 45 which enable the system status port 41 and the Referring particularly to FIGS. 4A and 5A, the main 

I/O backplane interface 43. In addition, when an inter- processor 26 executes the user control program 30 

rupt request is made by the main processor 26, a control stored in the RAM 31. After the main processor 26 is 

signal is generated by the decoder 53 on I NTS control 60 powered up, a set of instructions indicated by decision 

line 55. This control Line 55 connects to the clock 29 and block 100 is executed to determine if the programmable 

to an input P32 on the support processor 27. As will be controller is in the "RUN*' mode. If it is, the I/O image 

explained in more detail below, this interrupt signal portion of the data table 36 is updated as indicated at 

disables the clock signal produced on line 56 for the process block 205. This "I/O scan" includes instruc- 

main processor 26 and it interrupts the operation of the 65 tions which output data to the I/O modules and instruc- 

support processor 27. In response, the support proces- tions which input the current state of all sensing devices 

sor 27 is vectored to an interrupt routine which reads a connected to the programmable controller. Following 

command from the main processor 26. When the inter- the I/O scan, the first instruction in the user control 
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program is read from the RAM 31 1 as indicated by 116 to read the first instruction from the user's interrupt 
process block 101, and it is executed at process block routine 107. The processor's registers are initialized, an 
102 by executing the corresponding interpreter routine RTI flag is set at process block 117, and a loop 118 is 
in the ROM 32. A loop is established at 103 in which entered in which the user-created interrupt routine 107 
further control program instructions are read from the 5 is executed. This interrupt routine 107 employs the same 
RAM 31 and executed until the "END" instruction is instruction set as the user control program 30 and it is 
detected at decision block 104. executed in the identical fashion by the main processor 
As shown in FIG. 4A, the user control program 30 26. When an "RET* instruction is encountered, how- 
may contain a set of control program instructions indi- ever) tne loop ng is exited at decision block 119 and the 
cated symbolically by the ladder diagram rung 105 to ma j n processor's registers are restored at process block 
which stores (PUT) a value (XXX) in the data table 36 n0 The RTI flag is also reset and, as indicated at pro- 
at a designated location (YYY) when a set of conditions ^ block 121f ^ »rxI finished" command is formed 
have been met. The conditions and the value (XXX) for transmission to the support processor 27. This 8-bit 
may be selected by the user when he develops his con- command (3A hexadecimal) is applied to the data bus 25 
trol program and more than one such rung may be 15 md ^ support proC essor 27 is interrupted through 
present. As will become apparent from the description INTS control line 55. As indicated by process block 
below, this feature enables the user to determine within m after ^ supp0rt processor 27 reads the command 
his control program the rate at which reai time inter- ft ^ main processor M from ^ wait stale and 
rupts will occur. ^ ^ ptocessOT 27 returns to the processing from 

instruction is detected at decision block a ^ries o f deWription it should be apparent that 

fictions are performed before looping back 1 £ the programmable controller of the presenTinvention 

beginning of the user control P™^; ^ mcl * d J f means for storillg data which indicates the rate 
tions are read from the RAM 31 until a XjH I instruc- .... . • - . „ « 

iiuu> 4uc iwu» • «^^ c kwv ir* XhJc « at which the real time interrupts are to occur. The user 

tion is found, as indicated by process block lUo. inis 25 . , . . • « • .1 i_- i_ 

instruction is the start of the interrupt routine 107 lo- ™ y incl f C «*™*<» m his control program which 
cated immediately after the END instruction. The GET change the stored rate data and means are provided for 
instruction identifies the data table location (YYY) of periodically outputtmg a command to the support pro- 
the interrupt time interval (XXX). As indicated at pro- cessor which indicates the desired interrupt rate. As 
cess block 108, the interrupt time interval (XXX) is then 30 will become apparent from the description below, one 
read from the data table 36 and an 8-bit command is function performed by the support processor 27 is that 
formed by the main processor 26 for transmission to the of a programmable timer which receives the interrupt 
support processor 27. This command is placed on the rate command and in response thereto, produces inter- 
data bus 25, as indicated at process block 109, and the nipt requests to the mam processor 26 at the corn- 
main processor 26 then generates an interrupt request at 35 manded rate. jrA 
110 to the support processor 27 on the INTS control Referring particularly to FIG. 6A, after the support 
line 55 (FIG. 3). Table B is a list of the time interval processor 27 powers up it executes machine language 
valves (XXX) in milliseconds and the corresponding program instructions in its internal read-only memory 
hexadecimal representations of the 8-bit commands. (not shown in the drawings). Instructions indicated by 

4Q decision block 125 are executed to perform a number of 

TABLE B self-diagnostic functions. The support processor 27 

loops at 127 to repeatedly execute these relatively sim- 
ple background functions. These background functions 
are, however, interrupted by any of three sources. First, 
45 when a character is received at the serial input port 
from the programming terminal 16, or if a character is 
ready to be transmitted to the terminal 16, a serial port 
interrupt occurs, as indicated by process block 128. In 
As will be explained in more detail below, the support such case the support processor 27 interrupts its back- 
processor 27 places the main processor 26 in a "wait" 50 ground activities and services the serial port 
state while it reads the command byte from the data bus The second source of interrupts is from the internal 
25. As indicated by process block 111, the support pro- "*al time clock as indicated by process block 129. In this 
cessor 27 then releases the main processor 26 from the case the support processor executes a real time clock 
wait state and the main processor 26 executes a set of interrupt service routine which is shown in FIGS. 6B 
instructions indicated by process block 112. The control 55 and 6C. And finally, the support processor 27 may be 
program counter is reset to the start of the user control interrupted from its background activities by an inter- 
program 30 and the system loops back to repeat the rupt from the main processor 26 when it issues a corn- 
entire sequence. mand. The support processor 27 services this interrupt 
While the main processor 26 is performing the above- by executing a main processor service routine indicated 
described functions it is periodically interrupted by the 60 generally by process block 130 and shown in detail m 
support processor 27 as indicated by the block 113 in FIG. 6D. 

FIG. 5A. In response to this interrupt, the main proces- Referring particularly to FIG. 4B, the support pro- 
sor 26 is vectored to an executes a real time interrupt cessor 27 includes an internal timer (not shown in the 
service routine which is shown in FIG. SB. drawings) which is preset to a value of 333 micro sec- 

Referring particularly to FIGS. 4A and 5B, when the 65 onds and which produces the real time clock interrupt 
main processor 26 is interrupted it saves its internal when the system clock decrements the timer to zero, 
registers in the RAM 31 as indicated at process block The support processor 27 also includes an internal 
115. The program counter is then set at process block scratch pad random access memory 135 which stores a 



Time interval \ilxxc 


Command byte 


(milliseconds) 


(hexadecimal) 


t-9 


22. 24, 26, 28, 2A, 2C, 2E, 30, 32 


10 


34 


20 


36 


50 


3B 


0 (disable interrupt) 


20 
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number of data structures required by the interrupt processing again in another 333 microseconds. The 10 
service routines. For example, the RAM 135 stores an millisecond counter 139 is then decremented one count 
RTI interval number 136 which indicates the com- at process block 162 and a check is made at decision 
manded time interval between real time interrupts. An block 163 to determine if 10 milliseconds has elapsed. If 
RTI counter 137 is set to the number of 333 microsec- 5 so, the time bases internal to the support processor 27 
ond counts in this RTI interval and it is decremented are updated at process block 164 and the 10 millisecond 
during each real time clock interrupt. A "track** number counter 139 is reset to thirty (10 msec/333 u sec). The 
is stored at 138 and it has a value equal to one- third the support processor 27 then generates a hold request at 
RTI interval number. A 10 millisecond counter 139 is process block 165 for the main processor 26. When the 
also stored in the memory 135 and it is preset to measure 10 hold acknowledge reply is received, as determined at 
a ten millisecond time interval. Three flags 140-142 are decision block 166, the support processor 27 takes con- 
also stored in the memory 135 to indicate the state of the trol of the address bus 28 and the data bus 25 and writes 
support processor 27. the updated time bases to the RAM 31 as indicated at 

Referring particularly to FIGS. 4B and 6D, when a process block 167. These time bases are employed by 
command byte is sent to the support processor 27 by the 15 the main processor 26 to implement timer instructions in 
main processor 26, the support processor services the the user control program 30 as described in U.S. Pat. 
resulting interrupt by reading the command from the No. 4,266,281. The main processor 26 is then released 
data bus 25 and releasing the main processor from the from its hold state by resetting the flip-flop 67 (FIG. 3). 
wait state as indicated at process block 150. The com- After the time bases are updated, a test is made at 
mand byte is then analyzed at decision block 151 and if 20 decision block 168 to determine if the real time interrupt 
the command indicates that the main processor 26 has feature is active. If not, the system returns to the sup- 
completed executing the interrupt routine 107 (3A hex- port processor background programs, 
adecimal), the system branches. A set of instructions Referring particularly to FIGS. 4A, 4B, and 6C, if the 
indicated by decision block 152 are then executed to test real time interrupt feature is enabled, a check is made at 
if the "RTI TOO LONG FLAG" 141 has been set As 25 decision block 170 to determine if the RTI TOO LONG 
will be described below in more detail, this flag 141 is flag 141 has been set If so, this indicates that the main 
set when the interrupt routine 107 requires more than processor 26 is still executing the interrupt routine 107 
two-thirds of the total RTI time interval to execute. and it has taken more than two-thirds of the interrupt 
When this occurs, there is very little time remaining interval to do so. In such case, there is nothing further 
before the next RTI interrupt will occur, and thus, very 30 to do, but wait until an RTI complete command is re- 
little time is allowed for the main processor 26 to per- ceived from the main processor (FIG. 6D). 
form its other functions such as executing the user con- If, on the other hand, the RTI TOO LONG flag 141 
trol program 30. Accordingly, as indicated at process is not set, the RTI counter 137 is decremented at pro- 
block 153, the RTI counter 137 is reset to the RTI cess block 171 and a test is made at decision block 172 
interval 136 to insure that the main processor 26 spends 35 to determine if it has reached zero. If so, the interrupt 
at least some percentage of its time on functions other interval has expired, and as indicated by process blocks 
than servicing the real time interrupt In addition, an 173 and 174, the RTI counter 137 is reset to a full RTI 
"RTI LATE FLAG" 187 in the data table portion of interval and the main processor 26 is interrupted by 
the RAM 31 is set at process block 185. This flag 187 clocking the flip-flop 65 (FIG. 3). As indicated at pro- 
may be examined by instructions' in the user's control 40 cess block 175, the RTI IN PROGRESS flag 142 is then 
program 30 or the user interrupt routine 107. The "RTI set to indicate that the main processor 26 is executing 
IN PROGRESS" flag 142 is then reset at process block the interrupt routine 107. In addition, the RTI LATE 
154 and the interrupt is terminated. FLAG 187 is reset at process block 166 to indicate to 

Referring still to FIGS. 4B and 6D, if the support the user control program that the interrupt was serviced 
processor 27 receives a disable RTI command (20 hexa- 45 m a timely manner. 

decimal) from the main processor 26, the system Referring still to FIGS. 4A, 4B, and 6C, if the RTI 
branches at decision block 155. The "RTI ENABLE counter 137 has not reached zero at decision block 172, 
FLAG" 140 is reset at process block 156 and the inter- a comparison is made between the time remaining in the 
nipt is terminated. On the other hand, if the command current interrupt interval and the value stored in 
byte is a set RTI command (22-38 hexadecimal), the SO TRACK 138. If it is less as determined at decision block 
system branches at decision block 157. In such case, a 176, the RTI IN PROGRESS flag 142 is checked at 177 
set of instructions indicated by process block 158 are to determine if the main processor 26 is still processing 
executed to set the RTI interval 136 to the value indi- the previous interrupt. If it is, the RTI TOO LONG flag 
cated by the command. Also, the value of TRACK is 141 is set at process block 178. 

computed as one-third the value of the RTI interval and 55 It should be apparent from the above description that 
the RTI counter 137 is set for a full interval. As indi- the present invention enables the user to provide a real 
cated at process block 159, the RTI ENABLE FLAG time interrupt of the conventional programmable con- 
140 is then set and the routine returns to the background troller functions and an interrupt routine which is exe- 
program. cuted during each such interrupt In addition, the inter- 

To support processor 27 is also responsive to a van- 60 val between real time interrupts may be controlled from 
ety of other commands from the main processor 26. within the user's control program. Thus, the interrupt 
These other commands are processed at block 160. interval may be set at one value when the machine 

As indicated above, the real time clock in the support being controlled by the programmable controller is in 
processor 27 generates an interrupt every 333 microsec- one state, and it may be set at other values when the 
onds. Referring particularly to FIGS. 4B and 6B, the 65 machine is in other states. 

first function performed by the routine 129 which ser- Because both the real time interrupt rate and the 
vices this interrupt is to add a count at process block 161 interrupt routine which is executed in response to each 
to the real time clock which will cause it to interrupt interrupt are controlled by the user, the preferred em- 
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bodiroent of the invention also includes means for insur- 
ing that enough time is allowed for the normal program- 
mable controller functions to be performed. When the 
length of time required to execute the interrupt routine 
exceeds a preestablished portion of the time interval 
between interrupts, the interrupt time interval is 
changed. As described above, when the execution of 
the user's interrupt routine exceeds two-thirds of (he 
user's programmed interrupt time interval, the system 
waits for an entire interrupt time interval after the com- 
pletion of the user's interrupt routine before producing 
another real time interrupt. In addition, the user is noti- 
fied of this even through the RTI LATE FLAG 187 
which is set when the interrupt service requires longer 
than two-thirds of the interrupt interval to execute. As 
long as the RTI LATE FLAG 187 remains reset, the 
user can be assured that real time interrupts are occur- 
ring at the programmed rate and that the control pro- 
gram is being executed at a rate no worse than three 
times the scan time with no interrupts. 

What is claimed is: 

1. In a programmable controller which comprises: 

a memory for storing a user control program com- 
prised of a set of control program instructions and 
for storing a user interrupt routine comprised of a 25 
second set of control program instructions; 

data table means for storing a real time interrupt 
interval number; 

main processor means coupled to the memory and the 



10 



15 



20 



processor means executes selected ones of the con- 
trol program instructions; 

real time clock means coupled to the main processor 
means and the data table means, which interrupts 
the execution of the user control program at time 
intervals determined by the value of the stored real 
time interrupt interval number; 

wherein the main processor means executes the user 
interrupt routine each time the user control pro- 
gram is interrupted; and 

in which the real time clock means includes RTI in 
progress means for establishing the length of time 
required by the main processor means to execute 
the user interrupt routine after it is interrupted by 
the real time clock means, and comparison means 
for altering the length of time between real time 
interrupts from that indicated by the real time in- 
terrupt interval number when the length of time 
required by the main processor means to execute 
the user interrupt routine exceeds a preestablished 
portion of the interrupt interval indicated by the 
real time interrupt interval number. 

2. The programmable controller as recited in claim 1 
in which includes command generation means coupled 
to the data table means and which periodically reads the 
real time interrupt interval number from the data table 
means and writes it to the real time clock means. 

3. The programmable controller as recited in claim 1 
in which the data table means stores and RTI LATE 



ain processor means coupiea 10 ine memory *uiu mc m wmwi i« c ua» mw* « — - - 

data table means for repeatedly executing the user 30 FLAG which the comparison means sets when it alters 

. . * i_: u *>^4 ts* tit*, lunntli Aftim« IwtutMD rwl time intprnint.^ the RTI 



control program to operate s machine connected to 
the programmable controller, said processor means 
including means for writing a real time interrupt 
interval number to the data table means when the 



the length of time between real time interrupts, the RTI 
LATE FLAG providing an indication that a preestab- 
lished interrupt interval is overriden. 

* « • * * 



35 



40 



45 



50 



55 



60 



65 



07/30/2003, EAST Version: 1.03.0002 



